I T IS POSSIBLE rapidly to identify electrocardiographic wave patterns with a large digital computer. The greatest potential application of computer techniques to heart disease is in relation to mass screening according to consistent criteria. With present knowledge, a system for screening electrocardiograms can be devised for processing a thousand records per hour. To demonstrate the feasibility of the system, the essential computer logic has been written and tested.
Methods
An individual electrocardiogram can be accurately expressed as a mathematical equation (e.g., a Fourier series). Electrocardiograms can be classified by comparing the parametric constants of the corresponding equations and can be grouped statistically (e.g., discriminant analysis). Figure  1 shows the data processing sequence. Table 1 shows a lead X electrocardiogram in digital form. Figure 2 shows the same electrocardiogram in graphic form. Figures 3, 4 , 5, and 6 present the summation of the Fourier series representing the same ( fig. 1 ) electrocardiogram with 10, 20, 30, and 37 C p and S p constants. A progressively better fit of this electrocardiogram was obtained as more constants and terms were included in the Fourier synthesis. A perfect fit of the table 1 electrocardiogram was obtained by using all 50 C p and S p constants.
A single heartbeat was simultaneously recorded in SVEC III leads X, Y, and Z.1 The recordings for 42 individuals were digitized (i.e., put in numerical form), with spacing at intervals of 7 msec, into three numerical series: X n) Y n , and 
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Z n , where (n) ranged from 1 to 100 (table 1) . Standard presentation of the recordings required the E-wave voltage peak in lead X to be located at n=40. The 204 Fourier coefficients that were computed were designated C p , Sp, Cp, Sp, C p , Sp, where (p) ranged from 1 to 34. 2 These coefficients were used to summarize the numerical orthogonal (X, Y, Z) electrocardiograms in more compact orthogonal phase-preserving (Fourier) form. The Fourier coefficients were used as independent variables in a (stepwise) discriminant analysis. 3 The dependent (criterion) variable in this analysis was patient status judged and cheeked by cardiologists. A patient-status value of "zero" was assigned to 23 normal electrocardiograms, and a "one" was assigned to 19 electrocardiograms judged to be characteristic of left ventricular hypertrophy (LVH) of hypertensive origin (diastolic pressures above 110 mm. Hg).
Results A typical lead X electrocardiogram had the R-wave peak located at 274 msec. The series reconstructed from the 34 Fourier terms gave a very close fit to the original electrocardiograms (± 1 per cent). In this sense, the Fourier coefficients contained all the information in the electrocardiogram. That information which was of greatest pertinence in distinguishing normal from left-ventricularhypertrophy patterns was incorporated into a discriminant function equation:
LVH status = 0.000164 + 0.000843 Si + 0.000832 Cf -0.00221 C 23 -0.00878 S? 7 -0.00593 SJ G -0.00389 d 7 . The scores for individuals with normal patterns ranged from 0.0 to 0.4. Scores for the patients with patterns of left ventricular hypertrophy ranged from 0.6 to 1.3. A discriminant score of 0.53 completely separated the normal from the hypertrophy patterns.
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ECG magnetic tape recorder ECG paper tape recorder "Digitizer" for analog to digital conversion Physician Digital computer for mathematical analysis Figure 1 Data flow chart.
This discrimination was sufficiently accurate to consider repeating this analysis for individuals on whom diagnostic status can be confirmed by autopsy material. 4 Figure 7 gives the Fourier summation of the Si, Cf, S? 7 , S?c, and C*? terms. Discussion To distinguish between normal patients and those with left ventricular hypertrophy on the basis of the electrocardiogram, the authors have made use of principles for the presentation of "nearly all information" in the electrocardiogram. Each person's electrocardiogram was recorded for about 700 msec in three orthogonal leads, giving a total of about 2,100 time-lead voltage variables. These numerical electrocardiograms, with voltage readings as close as 1-msec. intervals, were assigned a standard presentation with regard to the timing of the R voltage in a particular lead. Voltages at wider intervals of 7 msec, were judged to be sufficiently closely spaced for the remainder of the analysis (table 1) .
Owing to the "limited band width" of the electrocardiogram signals, only 34 frequencies (up to a maximum of 50 frequencies) were needed to reconstruct each signal. On this basis, the 2,100 original variables for each person were replaced by 204 coefficients which effectively contained the full informa-CiTculation Retearch. Volume IX, September ism tion of the 2,100. Systematic screening of the 204 coefficients was successfully undertaken for searching out the (six) coefficients with relevance to the separation of the normal and the left-ventrieular-hypertrophy patterns. Thus, only a very small quantity of the total information in the electrocardiogram is relevant to the discrimination of the hypertrophy pattern.
Summary Two classic methods of mathematical analysis were used in combination to give a quantitative measure of electrocardiogram wave patterns. Many refinements are immediately possible. Many other electrocardiographic diagnostic patterns remain to be studied. Enough experience is available to justify adoption of computer techniques for electrocardiographic wave-pattern estimation in epidemiological studies of heart disease. Figure 2 Electrocardiogram, lead X, patient 92 (analog ECG plotted from table 1, digital ECG).
Figure 4
Electrocardiogram fitted with 20 Fourier's series terms.
Figure 3
Electrocardiogram fitted xvith 10 Fourier's series terms, lead X, patient 92.
Figure 5
Electrocardiogram fitted with 30 Fourier's series terms.
Figure 6
Electrocardiogram fitted with 37 Fourier's series terms.
Trigonometric series of the form Summation of discriminating Fourier constants, lead X, patient 92. and mechanical vibrations). These subjects, in their generality, would remain intractable without this instrument of modern analysis. Fourier's series is an artificial way of representing the propagation or progression of any physical quality by a series of waves or vibrations.
In order to evaluate a C p for S,,) constant in (table 1) .
In order to obtain all constants (C p ), it is necessary to carry out all multiplications for all combinations of all values for (n) and (p), similarly for (S p ). Thus, the running time on the digital computer will be approximately:
where (m) is the average time for all internal operations (e.g., add, store,' transfer, shift, etc.) and (V) is the average time for multiplication and division. For better delineation of the principle used to obtain the discriminant scores, it may be worthwhile to note that the weights on the various C p xyz and S p xyz constants in the discriminating combination are so chosen to make the variation of the scores within the diseased group and within the control group as small as possible, while keeping the difference between the groups large. The discriminant solution gives the least squares "best" values of the weights for this particular sample of electrocardiograms. The solution also gives a measure of the reliability of each of the weights, so that inferences can be made regarding the significance of the parameters of the population from which the sample of observations was taken.
In the stepwise searching procedure for the dis- 
